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Abstract
Objective: This study aimed to explore renal involvement
in complicated falciparum malaria as observed in hospi-
talized children.
Methods: This prospective study was conducted for four
consecutive years with children 6 months to 14 years old
who were affected by malarial nephropathy. Malaria was
confirmed by microscopic examination of a blood smear.
Detailed clinical evaluation and investigations were car-
ried out to determine multi-organ involvement with spe-
cial emphasis on renal functions. The staging for Acute
Kidney Injury (AKI) was carried out as per Acute Kidney
Injury Network Staging, which provided three groups of
patients who were further modified by Risk, Injury,
Failure, Loss, End stage renal disease (RIFLE) staging.
Results: Out of 350 cases with malaria, 56 (16%) cases had
nephropathy. One-hundred-forty cases (40%) were aged
between 5 and 10 years. Serious renal involvement was
observed in 14 (25%) children who were 10e14 years old.
Oligo-anuria was found in 40 (71.4%) cases, and general-
ized oedema was found in 33 (58.9%) children from the
onset of malaria. Approximately 47 cases showed associ-
ated multi-organ dysfunction, and 9 cases had isolatedy. This is an open access article under the CC BY-NC-ND license
.1016/j.jtumed.2016.10.003
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Ple
Tarenal failure. Malaria-induced hepatopathy and nephrop-
athy had a higher risk of death than nephropathy alone.
Conclusion: The spectrum of malarial nephropathy in
children is highly variable, ranging from asymptomatic
proteinuria to advanced stages of AKI. Renal involvement
ismore commonand severe inP. falciparum. Children aged
between 5 and 14 years and those with oligo-anuria,
symptomatic azotaemia, electrolyte abnormalities and
hepatopathy are more likely to develop advanced stage
AKI and subsequently have an increased risk of mortality.
Keywords: AKI; Children; Hyponatremia; Malarial ne-
phropathy; Plasmodium falciparum
 2016 The Authors.
Production and hosting by Elsevier Ltd on behalf of Taibah
University. This is an open access article under the CC BY-
NC-ND license (http://creativecommons.org/licenses/by-nc-
nd/4.0/).Introduction
Malaria remains a serious health problem in many parts of
the world. It causes highmorbidity and threatensmany lives in
developing countries each year. Humans are generally infected
by four species of malaria parasites.1 In India, 60e75% of
infections are due to Plasmodium vivax and 35e40% of
infections are due to Plasmodium falciparum. Only a few
cases of Plasmodium malariae have been reported from
Orissa and Karnataka, although infections with a fifth
parasite, Plasmodium Knowlesi, are known to occur in
humans on the islands of Borneo and peninsular Malaysia.2,3
Malarial acute renal failure is commonly found in non-
immune adults and older children with falciparum malaria.
The occurrence of acute kidney injury (AKI) in severe falcip-
arum malaria is quite common in Southeast Asia and the In-
dian subcontinent where the intensity of malaria transmission
is usually low, with occasional micro-foci of intense trans-
mission.4 In India, most malaria cases are contributed by the
state of Odisha. Although Odisha has a population of 36.7
million (3.5%), it contributes 25% of the total 1.5 to 2
million annual malaria case reports, 39.5% of P. falciparum
malaria and 30% of deaths due to malaria in India. The five
major manifestations of severe falciparum malaria in
children are cerebral malaria, severe anaemia and metabolic
acidosis, but renal failure is not commonly encountered.5e7
Although there have been studies describing the association
of AKI with malaria in adults, very few have been reported
in children.8 P. falciparum is responsible for the most severe,
complicated and fatal form of the disease. AKI commonly
occurs in P. falciparummalaria, although it is rare in P. vivax
malaria. The incidence in India includes 13% in northeast
(NE) India, 17.2% in Orissa and 17.8% in Delhi. Previously,
ARF was rare in children but has been increasing in older
children. AKI is multifactorial and has a high mortality rate,
especially for late referrals or if renal transplant therapy is
not available. The resurgence of malaria in Orissa provided
us an opportunity to study the changing trends in malarialase cite this article in press as: Rath D, Sahu MC, The clinical and biochem
ibah University Medical Sciences (2016), http://dx.doi.org/10.1016/j.jtumed.AKI and its correlation with the parasite species, severity of
infection, clinical course and prognostic factors.
Materials and Methods
The present study is prospective, and the incidence of ma-
larial nephropathy along with the clinical features, lab pa-
rameters, treatment and outcome were documented. A study
of renal involvement in complicated falciparum malaria in
hospitalized children was undertaken for 3 years. All children
6 months to 14 years old who were admitted with severe fal-
ciparummalaria were subjected to a blood smear examination
(thick and thin) for malaria parasites. Smear examination was
performed every sixth hour for the first 72 h. Among those
admitted, 56 children who met the definition of malarial ne-
phropathy9,10 were included in this study. A detailed history
was taken, and a detailed examination performed with
special focus on blood pressure and urine output (<1 ml/kg/
h). All patients were investigated for serum urea, creatinine
(>1.5 mg/dl) and proteinuria 2þ by the dipstick method
or abnormal cast in the urine. Hepatopathy was defined as a
rise in serum bilirubin along with a rise in serum ALT levels
to more than three times the upper limit of normal.
Acute Kidney Injury (AKI) was defined as an increase in
serum creatinine (0.3 mg/dl) within 48 h or an increase in
serum creatinine >1.5 times baseline, which is presumed or
known to have occurred with 7 days or UO<0.5 ml/kg/hr for
6 h. AKI Staging was recorded as per Acute Kidney Injury
Network (AKIN) staging into 3 groups: Stage I, II and III,
which is a modification of the Risk, Injury, Failure, Loss,
End (RIFLE) stage renal disease criteria. The RIFLE criteria
are based on decreases in estimated creatinine clearance
(eccL) and urine output. Risk was defined as an eccL
decrease by 25% or urine output <0.5 ml/kg/hr for 8 h.
Injury was defined as an eccL decrease by 50% or urine
output of <0.5 ml/kg/hr for 16 h. Failure was defined as an
eccL decrease by 75% or eccL< 35 ml/min/m2 or urine
output <0.5 ml/kg/hr for 24 h or being anuric for 12 h. Loss
was defined as persistent ARF, which is complete loss of
kidney function for 4 weeks. End stage renal disease was
defined as end stage kidney disease for >3 months.
Serum electrolytes, bilirubin and urine analysis were
performed. All of the findings, treatment responses and
outcomes were recorded. Detailed clinical evaluation and
investigations were carried out to detect multi-organ
dysfunction with special emphasis on renal involvement.
The data were stored and analysed by Microsoft Excel
software. Children with severe malaria but who were smear
negative, those who died immediately and patients with an
ARF other than malaria were excluded from this study. All
patients were treated according to the National Vector Borne
Disease Control Programme guidelines.11 Complications
were managed according to the existing hospital guidelines.
Patients were followed up after 3 months of discharge for
the resolution of nephropathy. During follow up, their
clinical status and renal function tests were noted.
Results
In this prospective study, 56 (16%) out of 350 malaria
patients had renal involvement (Table 1). Out of 56 cases ofical features of complicated falciparum malarial nephropathy, Journal of
2016.10.003
Table 1: Age-wise distribution of our cases (n[ 350).
Age group Malarial
nephropathy
N ¼ 56 (16%)
No nephropathy
N ¼ 294 (84%)
Total
6 monthse1 year 1 (1.8%) 35 (11.9%) 36 (10.3%)
1e5 years 15 (26.8%) 118 (40.1%) 133 (38%)
5e10 years 26 (46.40%) 114 (38.7%) 140 (40%)
10e14 years 14 (25%) 27 (9.1%) 41 (11.7%)
Table 3: Age-wise mortality with renal involvement.
Age in years Total
no
Survived Percentage Death Percentage
1e5 15 10 66.7 5 33.3
5e10 26 20 76.9 7 25.93
10e14 14 9 64.3 5 35.7
Clinico-biochemical features of Malarial nephropathy 3renal involvement, 29 patients had a history of (h/o) drug
intake. From 29 cases of renal involvement, 25 cases
(86.2%) survived and 4 cases died. The remaining portion
of the 56 patients (27 cases) had no previous h/o drug
intake, out of which 14 cases survived (51.85%) and 13
cases (48.1%) died. Therefore, there was a significant
relation between drug intake and outcomes. The clinical
features of malaria associated with renal involvement
showed that most of the patients presented with
oligoanuria and proteinuria, and the smallest percentage
presented with haemoglobinurea (Table 2). Cases of less
than 1 year old who survived were excluded from the
table. More deaths occurred among children 10e14 years
of age (Table 3). Survival and death from malarial
nephropathy are plotted on a bar diagram (Figure 1), and
the data from Table 3 were analysed with KaplaneMeier
estimators (Table 4).
Twenty-four (42.8%) cases presented in Stage III of AKI,
26 (46.4%) in stage II and the remaining 6 (10.7%) cases in
stage I. Fourteen cases (25%) were treated with peritoneal
dialysis, and five cases were shifted to hemodialysis,
requiring prolonged renal supportive care. Table 4 shows the
predictor of outcomes in renal involvement cases.
Approximately 47 out of 56 cases were associated with
multi-organ dysfunction, and 9 cases were associated with
isolated renal failure. Malarial hepatopathy plus nephropa-
thy in malaria has a higher risk of death than nephropathy
alone. There was 100% survival in isolated renal failure, and
36.2% of patients had mortality with multi-organ dysfunc-
tion. Major contributors to overall mortality were cerebral
malaria (100%), jaundice (58.8%), hypotension (23.5%),
hypoglycaemia (17.6%), DIC (23.6%) and hyperkalaemia
(17.6%). On follow up, all cases had normal creatinine, but 6
(10.7%) cases had persistent proteinuria (>2þ) and/orTable 2: Manifestations of renal involvement.
Clinical features and laboratory finding No. of cases
(n ¼ 56)
Oligo-anuria 40 (71.4%)
Oedema 33 (58.9%)
Proteinuria (>2þ by dipstick) 42 (75%)
Raised serum creatinine (>3 mg/dl) 21 (37.5%)
Raised serum creatinine
(>1.5 e < 3.0 mg/dl)
35 (62.5%)
Abnormal urinary cast/cellular
component
29 (51.7%)
Haemoglobinuria 4 (7.1%)
Hyponatremia 19 (33.9%)
Hypernatremia 5 (8.9%)
Hyperkalaemia 7 (12.5%)
Please cite this article in press as: Rath D, Sahu MC, The clinical and biochem
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ability p-values are also noted (Table 5). A positive co-
relation among regressors was found from the predictors of
malarial nephropathy (Figure 2).Discussion
Malaria infection caused by P. malariae or P. falciparum
is recognized as an important cause of AKI and other renal-
related disorders in infected patients.12 AKI is mostly seen in
P. falciparum infection, but P. vivax and P. malariae can
occasionally contribute to renal impairment,4 and similar
results were also evident in our study. Over a decade ago,
cerebral malaria was the predominant manifestation of
severe malaria. However, the combination of jaundice
(hepatopathy) and renal failure (nephropathy) is more
common today.7 The global prevalence of AKI in malaria
has been reported to be 0.57e60%. The spectrum of
malarial nephropathy in children is very wide ranging,
from asymptomatic proteinuria to advanced stages of AKI,
which require renal replacement therapy (RRT). The
pathogenesis of renal involvement is nonspecific,
multifactorial and associated with high mortality. There
are two major renal syndromes associated with malaria:
chronic and progressive malarial nephropathy that mainly
affects African children, classically complicating quartan
malaria and acute malarial nephropathy associated with
falciparum malaria in Southeast Asia, India, and sub-
Saharan Africa.5 The histopathology of malarial
nephropathy may show a variable mixture of acute tubular
necrosis (ATN), interstitial nephritis and
glomerulonephritis. ATN is the most consistent histological
finding. Renal vasoconstriction and ATN presumably
result from renal microvascular obstruction and cellular
injury consequent with the sequestration of P. falciparum
and filtration of nephrotoxins, such as free haemoglobin,0
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Figure 1: Bar diagram of survival and death of malarial ne-
phropathy patients.
ical features of complicated falciparum malarial nephropathy, Journal of
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Table 4: KaplaneMeier estimators from Table 3.
Time
period
At risk (%) Became unavailable
Censored
Died
(Failed)
(Succeeded)
Survival probability
estimate
95% Confidence interval
Lower limit Upper limit
3 100 0 0 1 0.953899 1
3 100 0 5 0.95 0.881701 0.981447
3 95 0 7 0.88 0.796023 0.933748
3 88 0 5 0.83 0.738913 0.895066
3 83 0 0 0.83 0.738913 0.895066
Table 5: Predictor of outcome in renal involvement cases.
Clinical syndrome Prevalence CFR Overall
mortality %
P value
Cerebral malaria 45 (80.3%) 17 (37.8%) 100 <.001
Jaundice 29 (51.8%) 10 (34.4%) 58.8 <.001
Hypotension 11 (19.6%) 4 (36.3%) 23.5 <.14
Hypoglycaemia 8 (14.3%) 3 (37.3%) 17.6 <.001
DIC 8 (14.3) 4 (50%) 23.6 <.001
Hyperkalaemia 7 (21.4%) 3 (10.2%) 17.64 <.001
D. Rath and M.C. Sahu4myoglobin and other cellular material in the kidney.
Hyponatremia is the most common dys-electrolytemia in
our study, and it is a typical biochemical finding in malarial
nephropathy that is reported in up to 33.9% of cases.13
Although internal dilution is the usual mechanism of
hyponatremia, true sodium wastage before the onset of
oliguria has been reported.13 Proteinuria usually resolves
completely with recovery from ARF.13 Most of the
patients in our cohort were oligo-anuric, and 19 children
underwent RRT because of hyperkalaemia and symptomatic
azotemia.14 Children with cerebral malaria have a higher rate
and more severe course of ARF than children with mild
malaria.13 The presence of associated cerebral malaria,
jaundice and disseminated intravascular coagulopathy
(DIC) are poor prognostic factors and predictors of
mortality.15 Malarial hepatopathy is associated with a
higher incidence of complications, such as renal failure,
shock, acute respiratory distress syndrome and
hypoglycaemia, and patients with a combination of liver
and kidney dysfunction have poorer prognosis than either
of them singly, as was seen in our study. It has also been
found in many studies on children with severe malaria thaty = 0.3717x
R² = 0.988
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Figure 2: Predictors of malarial nephropathy with regression
analysis.
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rate,16 but the same was not seen in our study.
Mosquito control
Initial vector control strategies in this area involved
limiting the mosquito population through the draining of
wetlands, removal of potential breeding habitats, installation
of house screens, and use of larvivorous fish. The use of less
toxic and more eco-friendly larvicidal agents point to the
potential usefulness of such agents as an alternative, cost-
effective strategy in certain urban and peri-urban areas.
Currently, insecticide use still plays a significant role in ma-
laria control programs involving the use of insecticide-
treated bednets and indoor residual spraying. A recent
strategy that is considered to be an environmentally friendly
alternative for insect control, but is not currently being
applied to mosquitoes, is the sterile insect technique (SIT).
SIT involves the mass rearing and release of sterile males
which, upon mating with the native population, are unable to
produce viable offspring and thereby drive the native pop-
ulation into decline or eradication Sterilization of insects has
been accomplished by irradiation or chemosterilization. The
Kochi Corporation in Kerala tried out a novel and cost
effective method of reducing the mosquito population at the
larvae stage itself, in which the salinity of water in canals and
stagnant pools is increased by adding sea water.
Challenges in mosquito control
The development and spread of parasite resistance to
certain anti-malarial agents has presented a major barrier to
successful disease management in malaria-endemic areas and
has probably contributed to the resurgence of infection and
increase in malaria-related deaths in recent years. The
Anopheles mosquito, the mosquito responsible for spreading
most cases of P. falciparum malaria, can develop resistance
to insecticides after prolonged exposure. This reality can
severely undermine existing interventions, such as indoor
residual spraying of insecticides and widespread use of
insecticide-treated bed nets. For all of these reasons, it is
critically important to create new tools that allow scientists
to continually stay one step ahead of the parasite and mos-
quito at all times, which is a very difficult task.17
Conclusion
Children aged between 5 and 14 years with oligo-anuria,
symptomatic azotemia, electrolyte abnormalities andical features of complicated falciparum malarial nephropathy, Journal of
2016.10.003
Clinico-biochemical features of Malarial nephropathy 5hepatopathy are more likely to develop ARF. Transient
proteinuria and disturbances in fluids and electrolytes can be
found in the majority of cases of malarial nephropathy.
P. falciparum malaria is associated with ARF and hence re-
quires dialysis and good supportive management for better
outcomes. Malarial nephropathy has an increased risk of
mortality, especially when it is associated with P. falciparum
infection. Early and prompt diagnosis along with aggressive
therapy can prevent progression to complicated malaria
while we are waiting to combat other factors, such as vector
control, administrative shortfalls, financial stringency, and
so forth. A new molecular marker needs to be developed that
can give early clues about renal involvement before the
biochemical abnormalities of renal involvement are detected.
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